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Primary human amniotic ﬂuid cells (AFCs) were reprogrammed
by transduction of retroviruses which express OCT4, SOX2, KLF4 and
c-MYC (Takahashi et al., 2007; Wolfrum et al., 2010). The AFiPSCs
express the pluripotency associated transcription factors OCT4,
NANOG, SOX2 and the cell surface markers SSEA4, TRA-l-60, TRA-1-81
(Fig. 1A). Embryoid body-based differentiation was done to demon-
strate in vitro the capability to differentiate to cell types representative
of the three germ layers endoderm, mesoderm and ectoderm (Fig. 1B)
as well as in vivo it was demonstrated by teratoma formation in(J. Adjaye).
. This is an open access article underimmunodeﬁcient mice (Fig. 1C). DNA ﬁngerprinting conﬁrmed the ori-
gin of the AFiPSC (Fig. 1D). The transcriptome proﬁle of an AF-derived
iPSC line 41 and the human embryonic stem cell lines – H1 and H9 –
have a Pearson correlation of 0.953 and 0.941 respectively (Fig. 1E).
Genome analysis revealed a normal female karyotype of AFiPSC (Fig. F).
2. Materials and methods
2.1. Ethics statement
AFCs were obtained during routine amniocentesis and were kindly
provided by Prof. Dr. Rolf-Dieter Wegner and PD Dr. Markus Stumm
(Center for Prenatal Diagnostics and Human Genetics) and passed on
by Prof. Dr. Karl Sperling (Institute for Medical Genetics, Charité).The
utilization of these cells was approved by the Ethics Commission of
the Charité — Universitätsmedizin Berlin.
2.2. Cell culture
Primary human amniotic ﬂuid cells (AFCs) were cultured in
AmnioMAX-C100 (Invitrogen/Life Technologies). The induced pluripo-
tent stem cell (iPSC) line was cultured as described in Wolfrum et al.,
2010.
2.3. Derivation of iPSCs
AFC at passage ﬁve were seeded in 6-well-plates at a density of
1.8× 105 cells in 2mlAmnioMAX-C100mediumperwell. The transduc-
tion was performed by adding a 1:1:1:1 mixture of 10 μl aliquots
containing similar titers of the four retroviral vectors encoding either
POU5F (OCT4), SOX2, KLF4 or c-MYC into each well (Takahashi et al.,
2007; Wolfrum et al., 2010). Infection rate was enhanced by supple-
mentation of the medium with 4 μg/ml polybrene on day one and two.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Characterization of AF-derived iPSC lines.
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Target regions of genomic DNAwere ampliﬁed by Polymerase chain
reaction (PCR). The PCR was carried out for 35 cycles and each cycle
contained 96 °C for 1 min, 55 °C for 1 min and 72 °C for 1 min. The fol-
lowing primer sequences (5ʹ–3ʹ) were used for DNA ﬁngerprinting:
D17S1290 forward GCAACAGAGCAAGACTGTC, reverse GGAAACAGTT
AAATGGCCAA and D21S2055 forward AACAGAACCAATAGGCTATCTA
TC and reverse TACAGTAAATCACTTGGTAGGAGA.
2.5. Embryoid body formation
For in vitro differentiation, embryoid body (EB) formation of AFiPSC
lines 4, 5 and 41 was induced in ESC medium lacking FGF2 supplemen-
tation by the hanging-drop method (Cerdan et al., 2007). After 2 to 3 d,
EBs were placed into Ultra Low Attachment Culture Dishes (Corning).
One week later, EBs were plated onto gelatin-coated dishes, allowed
to differentiate for 10 to 14 additional days and then ﬁxed and stained
for immunoﬂuorescence-based protein detection.
2.6. Immunoﬂuorescence-based detection of proteins
To assess the expression of proteins, cells were ﬁxed in 4% PBS-
buffered paraformaldehyde (PFA) for 12 min at RT, followed by two
washes with PBS and permeabilization with 1% Triton X-100 (Sigma)
diluted in PBS. Cells were blocked in a solution containing 5% FBS and1% bovine serum albumin (BSA) in PBS for 1 h at RT. Incubation with
the primary antibody was carried out for 1 h at RT. Primary antibodies
were used as follows: OCT4 (Santa Cruz, #sc-5279), NANOG (R&D,
#AF1997) and SOX2 (Santa Cruz, #sc-17,320). Antibodies against
SSEA4, TRA-1-60 and TRA-1-81 of the hESC characterization kit
(Merck Millipore, #SCR004) were used. In addition, antibodies were
used against Smooth-Muscle-Actin (SMA) (Dako, #M0851), α-
Fetoprotein (AFP) (Sigma, #WH0000174M1) and β-TubulinIII (TUJ)
(Sigma, #T8660). Then, appropriate ﬂuorescence-labeled secondary
antibodies were diluted at 1:300 in the same buffer used for the corre-
sponding primary antibody and applied under the same conditions
while protected from light. After washing 3 × 10 min with PBS, the
nuclei were counterstained with DAPI (Invitrogen, #H3570) staining
solution for 3 min at room temperature.2.7. Teratoma formation
The in vivo differentiation experiments (teratoma formation) were
performed by EPO Berlin GmbH (Germany, http://www.epo-berlin.
de). Brieﬂy, two aliquots of approximately 2 × 106 cells of the AFiPSC
line 41 were collected by combined type IV collagenase treatment as
well as 0.05% Trypsin/EDTA-treatment and washed. Cells were resus-
pended in Matrigel and immediately injected subcutaneously into the
immunodeﬁcient NOD.Cg-Prkdcscid Il2rgtm1Wjl/Szj mice, commonly
known as NOD scid gamma (NSG) mice. The teratomas were collected
and processed using standard procedures for paraﬁn embedding,
714 K. Drews et al. / Stem Cell Research 15 (2015) 712–714followed by hematoxylin and eosin staining. Histological analysis was
performed by a pathologist.
2.8. Karyotype analysis
To detect potential karyotypic abnormalities in AFiPSC lines 4, 5, 6,
and 41,whichmayhave resulted from the retroviral interference during
the process of direct reprogramming, chromosomal analysis was
performed after GTG-banding at the Human Genetic Center of Berlin.
For each line, 25 metaphases were counted and 10 karyograms were
analyzed.
2.9. Microarray-based transcriptome analysis
Global gene expression analysis was carried out on the Illumina mi-
croarray platform. For each sample, 500 ng quality-checked total RNA
were used as input for the ampliﬁcation and biotin labeling reactions
(Illumina TotalPrep RNA Ampliﬁcation Kit, Ambion, Austin, TX, USA),
which precede bead chip hybridizations. RNA preparations and hybrid-
izations were carried out by Aydah Sabah and Claudia Vogelgesang of
the Illumina Microarray Core Facility of the Max Planck Institute for
Molecular Genetics. The dendrogram compares the expression data
and the correlation values and was calculated using the Gene Expres-
sion Module of the software GenomeStudio (Illumina).
A) Immunoﬂuorescence-based detection of human pluripotency-
speciﬁc proteins OCT4, SOX2, NANOG and surface marker SSEA-4,
TRA-1-60 and TRA-1-81. DAPI stained the nucleus (blue). Scale bar:
200 μm. B) Embryoid body (EB) formation was induced in AFiPSCs
in vitro and was analyzed by immunoﬂuorescence-based detection of
different germ layer marker: for mesoderm protein α-Smooth Muscle
Actin (α-SMA), endoderm protein α-Fetoprotein (AFP) and ectoderm
protein βIII-Tubulin. DAPI stained the nucleus (blue). Scale bar: 200 μm.C) Teratoma formation of AFiPSCs in vivo. Left: mesoderm, middle:
endoderm; right: ectoderm. D) Gel electrophoresis of ﬁngerprinting
PCR products. Genomic DNA was isolated from different AFiPSC lines,
the parental AFC line 101, hESC lines H1 and H9 as well as mouse
embryonic ﬁbroblasts (MEFs). DNA was ampliﬁed using PCR primer
sets that ﬂank different genomic regions containing VNTRs (D17S1290
and D21S2055). NTC, non-template control. 100 bp marker was used.
E) Dendrogram of AFC, different AF-derived iPSC lines and hESC lines
(H1 and H9). F) Presence of a normal female karyogram 46, XX. Different
AFiPSC lines were karyotyped but only one representative image of the
analyses is depicted. Mar, minimal altered region. (For interpretation of
the references to color in this ﬁgure legend, the reader is referred to the
web version of this article.)
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